Abstract. Polymers are extensively used in the pharmaceutical and medical field because of their unique and phenomenal properties that they display. They are capable of demonstrating drug delivery properties that are smart and novel, such properties that are not achievable by employing the conventional excipients. Appropriately, polymeric refabrication remains at the forefront of process technology development in an endeavor to produce more useful pharmaceutical and medical products because of the multitudes of smart properties that can be attained through the alteration of polymers. Small alterations to a polymer by either addition, subtraction, self-reaction, or cross reaction with other entities have the capability of generating polymers with properties that are at the level to enable the creation of novel pharmaceutical and medical products. Properties such as stimuli-responsiveness, site targeting, and chronotherapeutics are no longer figures of imaginations but have become a reality through utilizing processes of polymer refabrication. This article has sought to review the different techniques that have been employed in polymeric refabrication to produce superior products in the pharmaceutical and medical disciplines. Techniques such as grafting, blending, interpenetrating polymers networks, and synthesis of polymer complexes will be viewed from a pharmaceutical and medical perspective along with their synthetic process required to attain these products. In addition to this, each process will be evaluated according to its salient features, impeding features, and the role they play in improving current medical devices and procedures.
INTRODUCTION
The demand for safer and more efficient products for pharmaceutical and medical applications has increased over the years. Consequently, their exploration has become a fundamental area of research with great importance being placed on exploring novel systems for the enhanced delivery of drugs and for improved medical applicators. Among these, polymeric systems are of particular interest for a wide expanse of medical applications such as drug delivery as they predominantly demonstrate enhanced pharmacokinetic and pharmacodynamic parameters over conventional drug delivery systems (1, 2) . In addition, polymeric medical systems/devices comprehensively demonstrate improved biocompatibility, strength, stability, and biodegradability over their respected conventional systems (1, 2) . A few of the captivating properties of polymeric systems for pharmaceutical and medical applications are extraordinarily elevated stability, variable controllable solubility, superior structural design, lowered immunogenicity, enhanced biocompatibility and cytocompatibility, three-dimensional geometry, antigenicity, and often specific tissue/cell targeting (2, 3) .
Currently, the biomedical market has numerous drug delivery systems and medical devices synthesized from polymeric sources (4) . These polymeric systems and devices are therapeutically more advantageous as well as superior in other aspects such as application, durability, and efficiency. Despite having all these smart systems, there is still a developing demand for novel or altered polymers that can accommodate for enhanced and newer parameters. These novel polymers will enable the gratification of a comprehensive array of medical applications. As a result, polymer refabrication remains an active area of process technology development in an endeavor to produce more beneficial pharmaceutical and medical products.
Furthermore, each polymeric systems has strengths, but they also have limitations, and by altering these polymers, it is possible to embellish the polymers strengths and to integument its limitations. Polymeric alteration can take place in a great number of ways whether reversible or irreversible most of which are by mixing, chemically altering, or exposure to external factors such as electromagnetic radiation, gamma radiation, or enzymes. Discovering and implementing various approaches to manipulate the architectural and functional operation and performance of polymeric materials is an imperative exigency for the delineation of advanced polymeric materials (5, 6) . These approaches permit for the fastidious and precise modification of polymeric properties, parameters, functions, and performance (5, 6) . By conscientiously selecting the appropriate constituent(s) for modification and by selecting the optimum process for the constituent's alteration whether reversibly or irreversibly, the physical prosperities can be altered, enhanced, removed, or created (5, 7) . These changes satiate a more comprehensive variety of applications in the pharmaceutical and medical disciplines for modification (5, 7) . Together with the above, if the most appropriate technique is selected, the altered product can be attained while still maintaining a significant amount of cost-effectiveness.
Another important factor that is become increasingly prominent is the emphasis on the employment of natural polymers as they are acquired from renewable sources consequently decreasing the environmental concerns. However, to derive expedient behavior from natural polymers for their utilization in the pharmaceutical and medical disciplines, some alteration process are initially required before they can synergistically function with active ingredients (8) . In addition, the hybridization of natural polymers with synthetic polymers has displayed phenomenal significance in the pharmaceutical and medical disciplines achieved by interfusing natural polymers with synthetic polymers (9) . To achieve this, the polymers in question need to undergo processes that allow for the conglomeration of natural and synthetic polymers (9) . Alteration techniques such as grafting or interpenetrating polymer networks increase the compatibility between the different classes of polymers (9) .
In addition, it has been observed that immediate and/or sustained release drug delivery systems are not always convenient because of the extraordinary complexities of certain disease states (10) . In such cases, it is preferred to use a method of treatment that employs an externally modulated drug release system (10) . These smart delivery systems are formally known as stimuli-responsive delivery systems and are regulated by the application or change in certain parameters such as temperature, pH, or body metabolites demonstrating an enhanced prognosis (10) . To attain such a delivery system, some technique of polymeric alteration needs to be performed to actualize a drug delivery system with such ingenuity.
Accordingly, this review undertakes to discuss the practicality of polymeric refabrication in the advancement of more beneficial products within the pharmaceutical and medical disciplines. It aims to discuss how the various techniques of modification of polymers is performed to engineer polymers that exhibit a desired property such as stimuli-sensitivity, enhanced strength, increased biocompatibility, and altered properties on the whole. In addition, the different techniques employed for polymer processing are also concisely described to enable the reader to gain an understanding of how these processes can enable one to achieve a desired outcome in the disciplines of pharmaceutics and medicine. Simultaneously, this review seeks to provide a concise overview on the application of polymeric refabrication techniques. Applications such as tissue engineering scaffolds, drug release vehicles, and specific examples of how the polymer modifications have been translated into devices used in animal or human studies.
METHODOLOGICAL APPROACHES AND CATEGORIZATION OF POLYMERIC REFABRICATION TECHNIQUES
There are many different methods by which polymers are being altered at a molecular level to provide altered pharmacochemical and pharmacodynamic parameters; the major techniques are defined in Table I . Expedient properties can be formulated by the appropriate selection of constituents and an acceptable method of alteration and processing therefore permitting a comprehensive array of application.
Polymer Grafting
This is a process whereby the external or surface layer of a polymer is altered while it retains its bulk properties as shown in Fig. 1 (12) . This type of polymer modification is 
Grafting
Grafting is process where a parent polymer is used as a backbone onto which branches of a second polymer are attached at different points along the parent polymer backbone consequently altering the surface properties of the parent polymer (11, 12) Formation of a polymer with altered surface properties while still maintaining the bulk properties of the parent polymer (11, 12) Blending This technique is a relatively simplistic process as it only encompasses the mechanical mixing of two or more polymers to form a mixture that displays different characteristics to each separate constituent (13) (14) (15) (16) Formation of a polymer mixture devoid of permanent bonds that exhibits unique properties to the individual constituents (14, 17) Interpenetrating polymer networks
An IPN is an amalgamation of two or more polymers that coordinates into a network devoid of covalent bonds and where at least one polymer is polymerized and/or crosslinked within the microenvironment of the other polymer(s) (18) (19) (20) Formation of a product much similar to a blend, however, IPNs contain cross-links appropriately inferring a greater stability to them (9, 18, 21) Polymer complexes
In general it is the synthesis of a complex between polymers with opposite characteristics such as ionic charges, stereoconformation, or charge transfers (22) (23) (24) (25) (26) (27) (28) Formation of a polymer complex that has different properties to either complexation agent (22) (23) (24) (25) (26) (27) (28) being pursued in pharmaceutical laboratories throughout the world because of many applications which would be impacted by the ability to only tailor surface properties of a material. It huge impact is due to the surface being the first entity to makes contact with the body and hence dictates the initial biological response to the foreign body (11, 12, (30) (31) (32) . It is this biological surface reaction that mediates the performance of a delivery device; for example, a contact lens or eye delivery system will damage the cornea of the eye if the device is not wettable with tears. Likewise, the ability of an immune adsorbent is dependent on the affinity of the adsorbent to preferentially bind to pathogenic moieties over binding to proteins and body fluids which will block the binding sites consequently decreasing its efficacy (12, (30) (31) (32) . Many biomaterials are not clinically pertinent, and an effective way of formulating them to become clinically effective is by altering the surface properties. One such way is by grafting appropriate moieties onto the polymer surface to alter, enhance, or remove properties of the bulk polymer (30, 32) . In addition, the grafting technique provides a stable platform against desorption and establishes long-term chemical stability because of its covalent nature in contrast to surface coating modifications which are unstable over time and do not prevent desorption (32) . Some of the surface characteristics being successfully manipulated by grafting include chemical resistance, wettability, biocompatibility, and dyeability allowing for their utilization in countless pharmaceutical areas (29) . Grafting desired functionalities onto the surface of materials to render them capable of binding enzymes, proteins, and similar species has yielded products useful for site-specific targeted drug delivery systems (33) . There are different types of polymeric grafting processes in place, and the main techniques are summarized in Table II .
Chemical Grafting
Chemical grafting is one of the most widely used methods of grafting and is probably in the forefront of manufacturing processes being utilized (52) . Grafting by chemical means can advance in two distinct pathways, namely free radical generation and/or ionic generation methods (32, 53, 54) . In chemical means of grafting, a great importance is placed on the initiatory chemical as it is this entity that establishes the principle pathway by which the grafting process will eventually occur (40, 41, 53) . The grafting process of a polymer can be accomplished under different conditions of the monomer: The parent polymer can be treated with an aqueous solution, vapor phase, or plasma phase of the monomer (31, 41, 53) . However, the major limitation confronted and the explanation for the privation of its extensive employment in industrial graft copolymerization, expressly with the free radical-based systems, is the concurrent formation of homopolymer (11, 38, 55, 56) . Homopolymer is inherently unattached polymer having the equivalent chemical structure as that of the grafted chains grown from the parent polymer where there is actual covalent bonding between the parent polymer backbone and the monomer (11, 38, 52, 55) . The leading incitement of homopolymer synthesis is the generation of nonspecific macroradicals, isomerization of intermediate radicals, and chain transfers of monomer from growing grafted chain ends (56) . In addition, not only is homopolymer an extrinsic expenditure of monomer, but the purification of the grafted polymer from the parent polymer/homopolymer is notably an intricate process as their properties are appreciably similar. This similarity makes their separation a substantially arduous process that requires the employment of solvents that dissolve only one or the other and consequently also introducing complications in the characterizing of the graft derivative (11, 38, 52, 55) .
Free Radical Grafting via a Chemical Approach
In this process, free radicals are generated from the initiator chemicals. These free radicals are intermediary molecules or molecular fragments having at least a single unpaired electron which provides an appreciable measure of reactivity to Alters surface properties and not bulk properties (12) Synthesis of homopolymer as a by-product difficult to extract Living polymerization
Propagating moiety takes no part in chain transfer/ termination allowing > graft control (35) Grafting is controlled, synthesizing uniform, narrow M w distribution grafts (4, 36) By-products less pronounced (37) (38) (39) , use of harsh chemicals
Photo-initiated grafting
Generation of radicals by direct irradiation via UV/ microwaves (40, 41) Direct radical generation eliminates need of initiators and washout steps (42, 43) Irradiation is non-penetrative and only allows surface modification (42,43) Enzymatic grafting
Generation of radicals by enzymes (44) High specificity allows the synthesis of pure products without homopolymers (45, 46) Enzymes require narrow range of pH, temp and conc. to work optimally (45,46) Radiation grafting Free radical/ionic Generation of radicals/ions by gamma radiation (11, 47) Direct radical/ion generation eliminates the need of initiators and washout steps (48) Serious degradation and/or decomposition of the polymer can occur (49) (50) (51) the molecule capable of triggering a reaction (34) . The reaction that eventuates is the transfer of this high energy radical to a substrate polymer that can subsequently react with monomer composites to effect a modification on the polymer surface presenting a grafted product (32) . There are two ways in which radicals can be formed, directly on the initiator chemical or indirectly through redox reaction generating active species other than the initiator chemical such as reactive oxygen (57) . The grafting process through direct radical formation is summarized in Table III , and a reaction scheme depicting the mechanism by which the initiator chemical, ditert-butyl peroxide, is employed to activate the grafting process is demonstrated in Fig. 2 . Common initiators employed for the generation of free radicals and with considerable success include ammonium persulfate, potassium persulfate, ceric ammonium nitrate, dibenzoyl peroxide, and azobisisobutyronitrile at temperatures up to 80°C (54, 59) . As with any manufacturing technique, lower temperatures are often preferred as it provides a cost-effective method of production considering heating is an extremely expensive procedure. In addition, lower temperatures also decrease the incidence of homopolymer synthesis because at elevated temperatures, radical-radical reintegration is intensified as according to Table III : Eq. 7, as compared to lower temperatures where radical flux presents at a much higher rate (52, 60) . However, certain reactions require temperatures above 200°C as these polymers need to attain a molten state for a feasible reaction to transpire (58) . For example, maleic anhydride is grafted to polyethylene by employing di-tert-butyl peroxide as the initiator, but the reaction can only be performed directly at 200°C when the polymer is in a molten state (40, 53, 59) . Despite the attempt to refrain from the use of high temperatures because of rising production costs, the higher temperatures can influence the rate constants of the initiation and propagation reactions. In addition, higher temperatures can dictate that the depropagation is the dominating factor thus ensuring that grafts are relatively short and that homopolymerization of the monomer is not a significant side reaction subsequently producing a higher yield of uniform product (59) .
Although several measures can be appropriated to prevent side reactions, the practicality is that many side reactions can eventuate thus appreciably limiting the use of the radical initiated grafting technique (40, 41) . During the initiation process, the R˙radicals that are synthesized can spontaneously undergo isomerization such as intramolecular hydrogen abstraction prior to monomer addition according to Table III: Eq. 6 (41, 59) . This isomerization changes the position at which the monomer attaches to the parent polymer thus synthesizing a byproduct that adulterates the expected product. Consequently, the purity of the product is decreased and could render it unsuitable for human consumption and ultimately preventing its use in pharmaceutical and medical applications (59) . In addition to the above limitation, this conventional technique of free-radical polymerization requires a continuous flow of initiatory chemicals. That is to say, a continuous initiation is necessary for chain growth, and for the termination of the grafting process to transpire, either radical coupling or disproportionation reactions should eventuate (40, 55) . Concertedly these two reactions incite unreactive ("dead") polymers, accordingly developing time invariant degrees of polymerization that emanate into expansive molecular weight distributions (56, 59) .
Ionic Grafting via a Chemical Approach
This process is very similar to the free radical method of grafting; however, the initiator chemicals do not form free radicals to initiate the grafting process, but instead they generate ionic (cationic or anionic) centers that initiate the grafting process (52) . Initiator chemicals such as tertiary butyl phosphazene (t-BuP 4 ) have been employed in the anionic modification of polyethylene oxide by generating a cationic center on the initiator molecule by reaction with acid as depicted in Fig. 3 (52) .
Living Polymerization Grafting via a Chemical Approach
There are various different categories of "living" polymerization techniques. These processes are also known as Fig. 3 . Illustration of the formation of a cationic centre on tertiary butyl phosphazene required for the ignition of the ionic grafting process (adapted from (52)) controlled systems because transfer and termination reactions are more controlled as compared to conventional radical polymerization systems thus producing more uniform grafted polymers with a narrow molecular weight distribution (6, 11, 36) . This control is achieved because in living polymerization, chain growth is achieved by an active propagation moiety that plays no role in chain transfer or termination reactions (11, 35) . In contrast, conventional radical polymerization has numerous reactions transpiring simultaneously, specifically, initiation, propagation, termination, and chain transfer (11, 35) One unique characteristic and distinguishing trait of a living system is that the active propagation moiety maintains a consistent concentration for the infinite duration of the polymerization process (11, 35, 53) . Once 100% monomer conversion is achieved, any addition of supplementary monomer to the system results in a continuation of the polymerization process again until 100% monomer conversion is achieved (11, 35, 53) . This results in a linear relationship being obtained when the molecular weight of the grafted polymer is plotted against the concentration of monomer conversion that has transpired (11, 35, 36, 53) . In pharmaceutics, the living polymerization technique has been utilized in the formation of poly(N-isopropylacrylamide), a thermoresponsive polymer that alters its structure and density of its cross-links according to the environmental temperature consequently altering its solubility at different temperatures that it is subjected to (39). The conventional polymerization technique employed peroxide initiators that produced a size variant product in contrast with the living system which produces a more consistent size distribution appropriately producing a more sensitive temperaturedependent product (39) . The living process employs azo-initiators and dithioesters as chain transfer agents (39) . There are many advantages of implementing a living system for radicalbased grafting. Specific macroradical formation can be effectuated at pertinent sites along the parent polymer backbone allowing for an enhanced controlled propagation of the polymer chain resulting in uniform graft products (11, 39, 56) . In addition, when the monomer-to-initiator ratio is low, chain transfer is attenuated at the growing chain ends resulting in a narrower molecular weight distribution consequently generating a polymer with superior uniform properties (36, 56) . The above features also restrain the synthesis of homopolymerization because the two main sources of homopolymer in the radical grafting technique are nonspecific macroradical generation, isomerization, and chain transfer of growing grafted chain ends (36, 39) . However, this is not to say that this technique is a conclusive deterrent to homopolymer synthesis and in application homopolymer is often found as a byproduct of these systems consequently contaminating and decreasing the product yield (36, 39) .
Photo-initiated Grafting
The photo-initiated grafting technique is comparable to the free radical grafting technique with the exception that free radicals are generated by the employment of electromagnetic radiation such as ultraviolet light or microwaves. It is a rather simplistic and effortless process requiring only a limited number of steps to accomplish a graft product as depicted in Fig. 4 where ethyl cellulose is affected by electromagnetic radiation to generate a free radical capable of reacting with acrylonitrile (31, 42, 43, 61) . The photo-initiated grafting process can advance via two different approaches, either by employment or devoid of a photosensitizer depending on the properties of the polymer in question (36, 43, 62, 63) . The mechanism is a relatively simplistic process where a macromolecule/polymer or a chromophore/sensitizer absorbs light energy and acquires an excited state/high energy state (43, 61 ). This high energy state then progresses to cause dissociation in the molecule thereby generating free radicals and initiating the grafting process (43, 61) . This process can occur directly on the polymer itself if it is photolabile (31, 43, 61) . However, if the absorption of light does not lead to the direct synthesis of free radicals on the polymer through bond cleavage, then the process can be advocated by adding photosensitizes such as benzophenone, benzoin ethyl ether, or dyes such as acrylated dye as previously specified (31, 43, 63) . Photosensitizers are capable of absorbing photo-energy and subsequently imparting that energy onto the polymer to effectuate the grafting process (43, 63) . This photo-initiated technique to attain a graft product is often favorable as it simply requires brief irradiation times and the equipment required is relatively economical (31, 36) . There are many types of photo sources all of which are encompassed in the electromagnetic spectra; however, many of the sources do not provide enough energy to cause free radical generation or the number of bounds affected is limited, as such the two main sources employed are ultraviolet and microwave.
Ultraviolet Induced Photo-initiated Grafting
The most promising form of photo-initiated grafting is by the employment of ultraviolet radiation (62) . This is a surface modification technique that is employed to attach monomers onto a polymeric surface with the intention of constructing an entity that has capabilities unlike the parent polymer. The surface is changed to allow for surface wettability, increased absorption of dyes, and/or increased adhesion properties (43, 63, 64) . The inert parent polymer surface is activated by exposure to ultraviolet radiation generating free radicals and enabling the reaction with monomer consequently functionalizing the surface of the polymer (64) . In general, there are two main methods by which ultraviolet modification of polymer surfaces can be accomplishing: (a) irradiation of the polymer in the immediate presence of a monomer containing solution and (b) pre-irradiation method. The first technique is rather self-explanatory where the reaction takes place upon irradiation. In the second technique, the parent polymer is irradiated individually to generate reactive radical sites or peroxides on the surface of the polymer. This is then exposed to a monomer solution in the absence of irradiation where the generated reactive sites on the parent polymer have the capacity to eventualize a reaction with the monomer solution. This technique of polymer modification was exploited for the creation of an altered styrene-butadiene-styrene (SBS) triblock copolymer membrane in an attempt to enhance the hydrophilicity of a membrane (64, 65) . The SBS membrane was synthesized by solvent casting and then exposed to ultraviolet radiation after which the polymer was treated with monomer to initialize the actual grafting process (64, 65) . Fourier transform infrared performed during the study displayed that the photo-initiated grafting technique by employment of ultraviolet radiation was successful, and this was confirmed by the contact angle measurement which had decreased after the membrane was exposed to irradiation and the monomer solution (65) . As previously mentioned, this is a rather easy process as there is no complex steps required to effectuate the chemical reaction, and the process is devoid of harsh chemical treatments (64, 65) .
Microwave Induced Photo-initiated Grafting
Another technique that is popular within the photo-initiated grafting techniques is the employment of microwave radiation. This technique is comparable to the ultraviolet technique as it also includes the radiation of a sample with electromagnetic radiation, but differs in the electromagnetic radiation source which in this case is microwaves. The same steps and conditions are required as with any electromagnetic radiation technique. However, as with any radical-based grafting system, the same complications regarding homopolymerization and isomerization apply, and to complicate homopolymerization further, the grafting process only occurs at the point of incidence of photons (42) . Areas where the incident radiation was absent, monomer cannot attach to the polymer resulting in further synthesis of homopolymer (42) . In addition, photo-systems do not have a great penetration depth; therefore, perplexities are encountered when considerable magnitudes of polymer need to be grafted corresponding to industrial amounts (31, 42, 43, 61) .
Enzymatic Grafting
This technique of grafting is relatively recent compared to other technique and it employs an enzyme to initiates the grafting process (66) . The need to develop this method originated from the increase in safety and environmental considerations as the chemical means of grafting extensively utilizes highly reactive reagents under harsh conditions which are environmentally hazardous (8, 44) . In addition, the products require additional steps of product purification to remove these hazardous chemicals ensuring it is safe for use in humans (8, 44) . The application of enzymes is conceivably an environmentally cleaner process and offers a better product due to the known selectivity of enzymes that leads to the formation of an almost pure modified polymer product (5, 8, 45) . The use of enzymes leads to the acquisition of a more efficient product for employment in the pharmaceutical and medical disciplines (5, 8, 45) . This selectivity also offers the potentiality for improved control and an economically viable technique of grafting functionalities as there are no requirements for wasteful protection/deprotection procedures (44, 54, (66) (67) (68) One captivating class of enzymes that has been employed in grafting of biopolymers is the oxidative enzymes such as peroxidases or laccases (44) . These enzymes possess the ability to generate radicals on polymer backbones which can then react with monomer to achieve the grafting process in a domino type reaction (44, 69) . Domino reactions present when sequential processes occur. The first process is the formation or breaking of bonds followed by a subsequent process which occurs at the functionalities generated in the preceding step. Consequently, these two steps together circumvent the need for exuberant purification processes which would have had to occur after each synthetic step, resulting in an economical process (69) . One example of enzymatic initiated grafting is with the use of tyrosinase, a peroxidase enzyme (8, 46, 70, 71) . Tyrosinase is capable of converting phenol via a two-step mechanism into o-quinone, a reactive species that is freely diffusible and can actualize a non-enzymatic reaction with the nucleophilic amino groups of chitosan (8, 46, 67, 70, 71 ). This modified chitosan can then be incorporated into a drug delivery system that will exhibit altered physicochemical and physicomechanical properties to the parent chitosan such as making chitosan soluble in both acidic and basic media where the parent polymer is only soluble in acidic media as shown in Fig. 5 (54, 67) . This allows for the creation of immediate release drug delivery systems with the enzymatic modified polymer. Since the enzyme is required for modification to take place, the generation of o-quinone is the rate determining step as it relies on the activity of the enzyme (8, 72, 73) . Consequently, all elements that promote their synthesis will complement the grafting process and increase the rate at which grafting is achieved (8, 72, 73) .
This concept of adopting enzymes is astonishingly captivating for various reasons. Firstly, tyrosinase has an extensive substrate range, and it can oxidize a diverse number of low molecular weight natural and synthetic phenols as well as high molecular weight oligomers and phenolic containing polymers and even cause the cross-linking of these reagents (67, 70, 71) . Secondly, the enzyme only requires simple co-substrate requirements employing molecular oxygen as the only oxidant (70) . Thirdly, the enzyme tyrosinase has the capability of converting primarily unreactive phenolic substrates into reactive o-quinones that are capable of executing a non-enzymatic reaction resulting in the emanation of the grafting process (44, 68, 70) . Finally, by using this "domino" effect reaction mechanism, the steric complications conventionally experienced when enzymes are employed in the catalysis of high molecular weight non-physiological substrates (e.g., for synthesizing and functionalizing polymers) are eliminated (66, 69, 73) . This is largely a result of the generation of reactive o-quinones being reliant on the chemical that eventuates the o-quinone rather than the polymer being grafted (66, 69, 73) .
Despite the many attractions provided by the enzymatic modification technique, it has some debilitating limitations considering the narrow pH, temperature, and concentration ranges for enzyme activity (45, 46, 66, 74) . For optimum enzymatic activity to transpire a chemical reaction, the microenvironment must be in a liquid state at the optimum temperature and pH for the particular enzyme being employed (45, 46, 66, 74) . These variable ranges are very narrow and even minute changes in pH and temperature can significantly incite the reaction yield significantly (8, 46, 74) . To further augment the complication, the acquisition of a high yield of the grafted polymer requires a pH that not only accommodates the enzymes variable range but in addition it must compliment the monomers and the polymer to be grafted as many moieties are affected by pH (8, 45, 66) . The pH often changes the molecules charge, reactivity, and possible configuration introducing complications (8, 45, 66) . Thus, an appropriate solvent must be selected that not only dissolves and work synergistically with the substrates but additionally must maintain enzyme activity/ stability by displaying the optimum pH required for enzymatic action (45, 66, 70) . Besides the above limitations, the most debilitating limitation of enzymatic refabrication is the characterization of the products synthesized as it is difficult to control the reactions of o-quinones and without proper control, grafts can be produced with a wide weight distribution range (67, 72, 73) .
Radiation Grafting
High-energy γ-radiation causes changes to polymeric structures as well as other macromolecules causing the induction of radicals, cations, and free electrons much like the photo-initiated technique of grafting (11, 47) . These high energy sites/radicals on a polymer backbone can then react with monomer to synthesize a grafted chain polymer in the same manner as explained before (11, 47, 48) . This process is extremely resourceful as it eliminates the requirement for initiator chemicals thereby excluding further contamination, has a Fig. 5 . Solubility behavior of chitosan and chlorogenic acid-modified chitosan. Chlorogenic acid-modified chitosan was prepared using the conditions described in the text, and this modified chitosan was observed to be soluble under acidic and basic conditions. At neutral pH, the chlorogenic acid-modified chitosan is insoluble, and the precipitate was allowed to settle for 0.5 h before taking the photograph. Unmodified chitosan is soluble at low pH, while large precipitates were observed when the pH was adjusted to 7. When the pH of a dissolved chitosan solution was rapidly adjusted from acidic to basic conditions (pH 4.9), a gel is formed (reprinted with permission from (67) © 1999 John Wiley & Sons, Inc.) greater penetration depth than photo-initiated means, and only requires polymer, monomer, and occasionally a suitable solvent (11, 47, 70) . Radiation grafting can progress along two pathways, free radical or ionic production much like chemical means of grafting except that the intermediates mentioned are generated via excitation actuated by the radiation in a dry, semi-dry, or wet process (47, 49) . This radiation technique has been employed in medicine by inducing the cross-linking of polyethylene oxide to effectuate heat shrinkable properties in the polymer (11) . This shrinkage is employed in the connection of blood vessels in a sutureless method and also to create a pH-sensitive device from polyethylene oxide for ovarian cancer targeted delivery systems (11) .
Free Radical Grafting via a Radiation Approach
The irradiation of macromolecules can cause homolytic fission generating free radicals on the polymer itself (48) . This is the only grafting process where an initiator is not imperative (48) . However, the medium in which this technique is carried out is important (48, 49) . If irradiation is carried out in air, then peroxides maybe formed on the polymer due to oxygen in the atmosphere (49) . The lifetime of the free radical depends on the backbone nature of the polymer. Grafting is feasible in three different ways, namely (a) pre-irradiation, (b) peroxidation, and (c) mutual irradiation approach. In the pre-irradiation approach, the parent polymer is irradiated in a vacuum or under an inert atmosphere such as nitrogen to generate free radicals (48, 49, 75) . The irradiated polymer is then amalgamated with the monomer as a liquid, solution in solvent, or gas state to initiate grafting (48, 49, 75) . In the peroxidation approach, the parent polymer is irradiated in the presence of air or oxygen to form stable hydroperoxides or diperoxides (49, 50) . These oxides are then amalgamated with monomer at elevated temperatures at which the peroxides are capable of decomposing to form radicals required to initiate the grafting process (49, 50) . The final approach is mutual irradiation where both the parent polymer and the monomer are simultaneously subject to radiation to form free radicals subsequent causing annexation of the two to produce a graft (75) . The limitation of this method is in the actual process. Radicals are generated by electron abstraction; naturally radical generation is considerably unselective and is constrained along the path of the incident radiation beam; it follows that radical generation is desultory (11, 49, 51) . In addition, radiation is very deleterious and its employment to certain polymers can result in serious degradation and decomposition of the polymer (11, 49, 51) . However, despite having no selectivity, there are no synthetic steps to be performed but like previous methods of radical grafting there remains the hazard of homopolymers formation and isomerization (11) .
Ionic Grating via a Radiation Approach
Ionic grafting can proceed in two different ways, namely cationic and anionic. The polymer is irradiated to form the polymeric ion and then reacted with monomer to form the grafted polymer (49, 51) . The potential of radiation grafting over other methods is high reaction rates; thus, minute radiation times can produce a significant amount of grafting (48, 49, 75) .
Co-blending in Polymer Refabrication
The polymer blending process is another technique that has been extensively employed in polymeric refabrication to improve properties of polymers (16, 76, 77) . Beneficial properties can be acquired by incorporating the correct polymers into the blend providing an economically favorable method over synthesizing a new polymeric resin because it is simply the mechanically mixing of two or more polymers together as shown in Fig. 6 (13-16,76) .
Polyethylene oxide (PEO) is a low toxic synthetic uncharged polymer that is mucoadhesive because of its hydrophilicity and high viscosity; therefore, it has been comprehensively employed in drug delivery systems (37, 77, 78) . However, pure PEO films have unsatisfactory mechanical and physical characteristics, and their extreme water solubility greatly delimitates their employment in sustained pharmaceutical products (14, 39, 77) . To improve PEO's use in drug delivery systems, chitosan has been blended together with it to synthesize films that express the capacity to be employed in sustained release delivery systems (16, 37, 77, 78) . The chitosan component of the blend decreases the water solubility of the films by limiting water permeability into the film; in addition, chitosan also deliberates an antimicrobial effect and increases the flexibility of polyethylene oxide therefore making it even more useful in the pharmaceutical and medical disciplines (16, 37, 77, 78) .
There are many different types of polymer blends available, but they may be classified into two general classes as either miscible or immiscible blends, depending on the interactional behavior of the polymers that constitute the blend (16, 21, 39) . Miscible polymer blends are comparable to homopolymers or random copolymers as they have a degree of altered properties with the absence of covalent or permanent bonds (14, 17) . Immiscible polymer systems are frequently identified by multiple glass transition temperatures owing to the distinct separation between the constituents (14, 17) . The properties of immiscible blends are primarily controlled by morphology, which is consequently dependent on the thermodynamic, rheological, deformation, and thermal history properties (15, 17) . To increase the miscibility of polymers in a blend, the use of a compatibilizer such as clays is employed, which is an additive that physically reduces interfacial tension between the polymers subsequently increasing the interactional forces between the constituents (14,17,79).
The major limitation of polymer blends is that it demonstrates a multiphase nature and this variation in structure infers that flow responses could possibly be complex (14, 17, 39, 79) . Consequently, the performance of processing and fabrication of blends depends on the knowledge of not only the parameters controlling the homogeneity of the polymer system (such as molecular weights, their size distribution and thermal and stress-strain profiles) but also on morphology and its evolution (17, 80) . Theoretical and experimental studies indicate that complete determination of morphology must include viscosity and elasticity, interfacial tension, composition, and the thermal profile to provide minimal structural defects such as phase separation (15, 39, 76, 80) . This seems easy enough as most data have previously been collected; however, most data have been collected on infinitely diluted Newtonian fluids, and blending is invariably done at high concentration of viscoelastic liquids (79) (80) (81) . In such systems, the shape of the droplets is not only influenced by the dissipative, viscous forces, but also by the pressure distribution around the droplet arising from the elasticity (79) (80) (81) . Therefore, the characteristics of drop deformation could be quite contradistinctive from those in Newtonian systems appropriately introducing complications in understanding the process dynamics (79-81). Newer blends are using preprocessed constituents to provide a final result with unique characteristics to those of the constituents. One such are being explored is by combining nano-composites into a blends (13) . Such system can form exceptional characteristics as they will exaggerate properties originating from the polymer blend in addition to presenting unique characteristics of nano-composites (13) . It is worth mentioning that from a simple blend, the generation of products that fall under other systems becomes a rather easy task. By simply introducing a cross-linking agent into a blend, it is possible to form an interpenetrating polymer network as explained in the following section. In addition by creating a system that causes the blend constituents to behave oppositely in some regard and form interpolymeric bonds, it is possible to form a polymer complex. Some opposite behaviors that are possible to create are the charge on each polymer, or maybe the stereochemistry of the constituents; in certain cases, the complex formation can be spontaneous and in other cases it may need to be advocated by some external influence, as will be elaborated in a later section.
Interpenetrating Networks in Polymer Refabrication
An interpenetrating polymer network (IPN) is an amalgamation of two or more polymers that coordinates into a network devoid of covalent bonds and where at least one polymer is polymerized and/or cross-linked within the microenvironment of the other polymer(s) preferably synthesizing permanent mesh formations as depicted in Fig. 7 (18-20) . The principle use of IPNs is to deliberate novel characteristics to one of the constituents while preserving the imperative characteristics of the other constituent (7, 20) . There are numerous categories of IPNs such as semi-IPNs, sequential IPNs, simultaneous IPNs, and gradient IPNs to mention only a few; however, IPNs will be discussed as a single extensive category herein, and for understanding purposes, a few definitions of the main types of IPNs are displayed in Table IV .
Certain IPNs may have a similar end product, but the method of synthesis differs thereby characterizing them differently such as sequential IPNs and simultaneous IPNs where their respective syntheses. Although the end products are the same, the difference in the synthesis method gives rise to subtle differences such as swellability. Simultaneous IPNs are capable of swelling to a greater extent as compared to sequential IPNs since the later lacks the intermediate swelling step which causes a less relaxed network to be formed. In addition, the differing methods allows for certain procedures to be accomplished in some methods and not others. For example, IPNs synthesized via the simultaneous reaction is straightforward as it only requires one step and permits injection molding of the product while the sequential method requires a twostep reaction and necessitates either compression molding or the formation of IPN beads (82) . The materials produced by the two methods are not exactly the same either. Due to the intermediate swelling step in the sequential process, the first network formed usually has an extended chain conformation. The networks in simultaneous IPNs (SINs) usually have relaxed conformations. One consequence of this difference is that sequential IPNs swell less than SINs. IPNs are related to polymer blends given that they are both combinations of two or more polymers devoid of permanent covalent bonds but they differ in composition where the former is usually fashioned from linear polymers, while the latter contains cross-links within each polymer (7, 18, 21) . This difference in composition infers superior mechanical strength and thermal stability to IPNs due to the enhanced interpenetration of the two component phases as assessed to the analogous mechanical blend which is culpable of separating easily (21, 83) . This difference is because of the weak interactional behaviors that are present in blends as explained previously (21, 83) . There are different ways of achieving the same output One use of IPNs in the medical discipline is to fashion more beneficial hydrogels (2, 78, 83) . Hydrogels are exceptionally biocompatible, have a high water content, and are 3D in nature appropriately allowing for the construction of a material that can potentially form scaffolds for tissue engineering because of its similarities with natural tissue and as such it could be employed as artificial ligaments and cartilage where needed (2, 84, 85) . However, one comprehensive limitation of many hydrogels is that they are mechanically delicate consequently demarcating their employment in biological and biomedical applications as they cannot withstand long periods of time and loose shape with use (2, 20, 84) . To preempt this limitation, a hydrogel composite is synthesized by fabricating an IPN conceivably increasing the practicability to simulate the properties of a natural extracellular matrix consequently making it more applicable for employment (2, 84, 86) . One such case is with the use of a unique class of hydrogels consisting of biologically cross-linkable hyaluronic acid (HA) and semi-interpenetrating collagen constituents (2, 84, 86) . These constituents react synergistically to produce a biologic with enhanced mechanical properties that has the capacity to encourage cell adhesion and proliferation and when microengineered has the ability to arrange into architectural scaffolds to form artificial replacements as represented in Fig. 8  (84,86) .
Despite IPNs unique use, there are limitations in attaining an IPN. IPN structures are determined by the chemical attributes of the constituents and by the properties such as the density of cross-linking and the polymerization kinetics of individual networks (7, 19, 86) . This structure directly imparts different physicomechanical properties to the ultimate product, and accordingly, the elaborate knowledge of all reactions and side reactions that transpire during synthesis should be evaluated to synthesize a practical product devoid of defects (7, 86) . This is because an operational system is considerably complex with multiple reagents, some of which may be highly reactive and some superfluous subsidiary reactions may result which can actively cripple or distort the progression of the preferred network formation (19, 86) . Ultimately this complexity increases the possibilities for the formation of toxic byproducts that are useless in the pharmaceutical and medical disciplines (19, 86) .
Complex Synthesis in Polymer Refabrication
Complex synthesis is another process utilized in polymeric science to create and enhance the properties of parent polymers. Polymer complexes can be classified into four general classes: polyelectrolyte complexes (PEC), hydrogenbonding complexes (HBC), stereocomplexes, and chargedtransfer complexes (CTC).
Polyelectrolyte Complexes
When a polycation solution is mixed with a polyanion solution, a complex is generally synthesized as a precipitate because the oppositely charged polymers are attracted to each other and this affinity culminates in the two components attaching together as depicted in Fig. 9 (26,88) . This interaction of ionic polymers and the properties synthesized from this collaboration is contingent on the anionic-to-cationic charge ratio of the polymers, the ionic strength, the degree of neutralization, and the number of valence ions in the electrolyte solution (26, 88) . Consequently, for a strong polyelectrolyte complex to be synthesized, the polyanions and polycations must contain strong acids and bases for the polyions to achieve their fully ionized forms. The converse is true where weak polyelectrolyte complexes are synthesized in the environment of both weak acids and bases (87, 88) . PEC may be prepared from different types of polymers; however, when synthesized from natural polymers, such as the polysaccharides, the complexes have the superiority of being biocompatible in that they are non-toxic and bioabsorbable (88, 158) . Within the discipline of pharmaceutics PEC are being used to increase the shelf life of α-amylase containing formulations by entrapping the enzyme in a biodegradable PEC (89) . This entrapment enhances the enzymes stability by preventing possible interference from other excipients (89, 158) . The PEC is assembled from chitosan and alginate with the electrostatic attraction evolving from the cationic amino groups of chitosan and the anionic carboxyl groups of the alginate (158,89).
A more sophisticated PEC was synthesized from chitosan/pectin/polyacrylamide generating a tri-polymeric ionic complex (TPIC). This TPIC formed a matrix that was capable of controlling the release of a hydrophilic drug that was trapped with the complex providing a sustained release formulation as shown in Fig. 10 . The complex was also capable of site specificity where drug release was hindered within the acidic environment of the stomach and rather be released within the alkali environment of the intestine (90) . The impediment of PECs is that they are generally stable at neutral pH only and are liable at acidic and basic conditions thus decreasing their use in humans as the pH conditions of the gastrointestinal tract are acidic in the stomach (88). This instability is caused by the dissociation of the complex bonds due to either the protonation in acidic conditions or deprotonation in basic conditions of the ionic centers (88).
Hydrogen-Bonding Complexes
Non-covalent interactions have been recognized to participate in modeling the secondary and tertiary structures of natural macromolecules such as polypeptides, polynucleotides, and polysaccharides (91, 92) This perception has been capitalized in the molecular self-assembly of synthetic polymers with particular interest in hydrogen bonding to design new polymers of exceptional sophistication (91) (92) (93) (94) . Such polymers that are capable of self-assembling into contemporaneously integrated complexes considering multiple hydrogen bonds possess strength, orientation, and specificity (91) (92) (93) (94) . As the number of hydrogen bonds increases in a given complex, the magnitude of favorable properties could possibly increase proportionally (93, 95) . One such example is the polymer network formed from the polymerization of acrylic acid in aqueous sodium hydroxide with acrylamide which occurs via hydrogen bonding (10) . This bond is temperature dependent therefore providing a thermosensitive polymer that is externally regulated; on exposure to heat, the polymer expands thus providing pores in the surface for the release of drug (10, 93, 94) . Hydrogen bonds can be established between comparable molecules to form a homomeric/homodimer hydrogen bonding synthon and also between different molecules to form a heteromeric/heterodimer hydrogen bonding synthon as shown in Fig. 11a so long as the architectural requirements below are satisfied (93) . For the success of synthesizing a HBCs, the following architectural requirements are essential: (a) a polymerizable group must be approximal to the hydrogen bonding receptor site, (b) the synthesized complex must be soluble in low polarity solvents, (c) directed hydrogen bonding interactions must be viable, and (d) the binding site must be easily synthesized (92-94). 2-Acrylamidopyridine satisfies these requisites as shown in Fig. 11b .
Double Hydrogen Bonded Complexes
The double hydrogen bond system is the simplest HBC that can be synthesized (92, 93, 96) . 2-Acrylamidopyridine is one such molecule that forms a double hydrogen bond. It satisfies the requisites of forming a hydrogen bond and is able to self-associating in solution by forming a pair of hydrogen bonds as shown in Fig. 11c (92,96) .
Triple Hydrogen Bonded Complexes
The triple hydrogen bonding system exhibits stronger networks over the double hydrogen bonding systems, correspondingly offering more possibilities for the formation of new polymers (90, 93, 95) . However, the greater the number of possible hydrogen bonds that can be formed, the greater the influence on complex stability since this relies on the arrangement of donor and acceptor groups (90, 95) . In the case where two donor or two acceptor groups are situated adjacent to one another (even if on different molecules), there is approximately 7 kJ/mol causing secondary electrostatic repulsion (92) (93) (94) (95) . This interaction causes a destabilizing effect consequently effectuating variances in the dimerization strength and subsequently variances in the complexation strength of triple HBCs (92) (93) (94) (95) . A worse situation arises when the groups accountable for the secondary interaction do not participate in hydrogen bonding. For instance, in the case of two spectator oxygens, the destabilizing effect is estimated to be approximately 11 kJ/ mol generating an unstable complex (92, 93) . This concept of dimers being synthesized with variances in complexation strengths predicated on the existence or exemption of secondary repulsive electrostatic interactions and the interactional set up of the hydrogen bonds can be seen in Fig. 11d (92,97) .
In the centrosymmetric dimer of 3-N-methyl-6-tridecyluracil, there are two attractive forces between acceptor-acceptor and donor-donor groups. However, the other three possible dimer geometries offer two additional repulsive secondary interactions due to the spectator oxygens as depicted by double arrows in Fig. 11e (92,93) . Despite the many attractions of HBCs, there are some major drawbacks. As already explained, the molecules to be employed in the complex need to meet certain requirements, and to create advantageous properties for drug delivery, it requires multiple hydrogen bonded complexes which results in the synthesis of unstable dimmers (92, 93, 97) . Furthermore, although hydrogen bond design fundamentals have been substantiated to show specificity most reactions are not entirely understood and often lack orientation leading to micro-phase-separated structures or gelation due to the network formation (96) .
Stereocomplexes
Stereocomplexation is a network formation process that is possible between isotactic (cis-) and syndiotactic (trans-) configured polymers (i.e., enantiomeric polymers) having similar or different chemical structures synthesizing a composite with variant properties to the individual initiator polymers (22, 23) . This occurs when the affinity between two polymers of contrasting stereochemistry is greater than the affinity between polymers with the same stereochemistry consequently synthesizing a stereoselective network between the different polymers via van der Waal forces (22, 23) . A characteristic example of stereocomplexation transpires between isotactic and syndiotactic poly(methyl methacrylate) known as homopolymerization since it transpires between congruent polymers (22) . As such, complexation between polymers with variant chemical structures is known as hetero-stereocomplexation. In pharmaceutics, this technique has been exploited to form tissue scaffolds. The ultimate tissue scaffolding structure should be elastic and resistant to creep to prohibit long-term deformations that usually occur as well as degrading harmlessly with no adverse effects (24, 98) . High molecular weight poly-1,3-trimethylene carbonate (poly (TMC)) is an amorphous polymer that degrades in vivo by surface erosion without the liberation of acidic compounds making it suitable for cell cultures and tissue engineering. Unfortunately, the creep resistance of poly(TMC) is passably sparse (98) . Stereocomplexation of poly(L-lactide) and poly(D-lactide) transpires consequentially upon solvent casting of mixed solutions comprising of equivalent amounts of polymers (23, 24) . This solvent cast film of the stereocomplex poly(ST-TMC-ST) showed good mechanical properties and excellent creep resistance (98) .
Charge Transfer Complexes
A CTC is an electrostatic association of two or more polymers, in which a partial measure of electrostatic charge is transferred between one molecular entity to the other (25, 27, 28) . This transfer could possibly form an ionic bond or an electron resonance bond in which the existing electrostatic interactions accommodates for the formation of a stabilizing Fig. 11 . Schematic depiction of a homomeric hydrogen bonding synthon and heteromeric hydrogen bonding synthon, b 2-acrylamidopyridine illustrating the architectural requirements for hydrogen bonding complexes, c self-association of 2-acrylamidopyridine in solution by a double hydrogen bonding system, d a centrosymmetric dimer of 3-N-methyl-6-tridecyluraci, and e one of three other possible dimer geometries of 3-N-methyl-6-tridecyluracil where there are two additional repulsive interactions (depicted by double arrows) (adapted from (92,96)) force for complex establishment (25, 27, 28) . The contributing polymer from which the charge is transferred is known as the electron donor and the receiving polymer is known as the electron acceptor and the amalgamation of these two entities conceives the complex (25, 27, 28) . In the pharmaceutical discipline, CTCs have been synthesized between the electron donor 1,10-phenanthroline in combination with the acceptor, p-nitrophenol in equal concentrations (28) . This association enables the activation of antifungal and antibacterial activity against many strains which is absent in the individual constituents of the complex (28) . CTCs have certain debilitating stability limitations. Firstly, the bond that is formed between CTC constituents is created by an electrostatic transition into a high energy electron state and is superlatively characterized as a weak electron resonance which is not ideally stable as compared to covalent bonds, and therefore, there lies a great possibility for polymer complex separation (28) . Secondly, the stability is also compromised owing to the nature of the entities; since the entities are charged, there are repulsive forces that exist between similar charges effectuating an electrostatic destabilizing consequence, the repercussion of which emanates into complex separation (27) .
Evaluation of Polymer Techniques, Their Uses, and Future Development
Each technique that has been presented here has its own advantages and disadvantages regarding cost and implementation. Particular advantages and disadvantages of each process have been described in text; for example, under the section chemical grating, the advantage "Grafting desired functionalities onto the surface of materials to render them capable of binding enzymes, proteins, and similar species has yielded products useful for site-specific targeted drug delivery systems" (33) was mentioned in addition to a disadvantage "the major limitation confronted and the explanation for the privation of its extensive employment in industrial graft copolymerization, expressly with the free radical-based systems, is the concurrent formation of homopolymer" (11, 38, 55, 56) . Since each technique is unique and different in its own regard, it is a superfluous effort to carry out comparative studies of the different techniques because each technique is suited and fitted to particular situation. For example, the chemical means of grafting is a process where it is possible to accurately predict the outcome of a reaction by knowing the reagents that will be used and how the reaction will affect the physicochemical properties of the reagents when combined. In contrast, the process of blending is a much cheaper and quicker process that could possibly offer the same changes to the physicochemical properties, but it is near impossible to predict the outcome without extensive analysis making it very difficult to make needed/wanted changes to the product.
Another example is enzymatic grafting which is capable of creating a very pure product with no requirements of purification steps, and in the medical and pharmaceutical fields, purity of products are extremely important. This would seem the best method then; however, if the reagents used are unaffected by enzymes due to enzyme specificity, the method becomes useless.
In industry, the main concern is cost-effectiveness. This would mean that the photochemical means of grafting would be the best-suited process as it does not require the use of process chemicals, but only the parent polymer and monomer to be used. However, when working with reagents that are photolabile, such a process is rendered useless as it will degrade or adversely affect the product. As already mentioned, each technique is unique and there is no one single particular technique that is exceptionally advantageous or disadvantageous comparative to the other. Rather each technique is important in its own regard and depending on the wants and needs of the researcher; the appropriate most suitable technique should be selected in order to achieve the goals of the research. Future recommendations are to combine the different methods to create polymers that are very specific in their properties, for example, grafting hydrogen bonding moieties onto a polymer to render it capable of forming hydrogen bonds, or the use of interpenetrating polymer networks that are charged and able to complex together forming a 3D structure. The next section explains where some of the techniques have been utilized for the formation of specific medical and pharmaceutical applications.
Polymer Refabrication Applied to Drug Delivery Matrices and Tissue Engineering
Perspicacious contrivance of biocompatible polymeric delivery vehicles has initiated the amelioration of drug delivery systems such as controlled release systems that are capable of delivering small molecules, lipids, peptides, and/or proteins, both systemically and site specific targeting (99) . During the formulation of such systems, both synthetic and natural polymers have been applied to various compositions based on their unique properties that each exhibits, accommodating for a platform of desired functions (99) . In addition, the advancement in synthetic processes of polymers with specific chemical architecture has increased the collection of biocompatible materials that can be employed. Extraction and purification processes have also facilitated the employment of a multitudinous amount of natural polysaccharides that can be utilized for drug delivery and tissue engineered scaffolds (99) . Different methods of modifications have been employed for the delivery of drugs such as polymer-drug conjugation for micellar delivery systems, nano-and micro-particles for local injection or systemic release, drug-loaded hydrated hydrogel networks to epitomize the physicochemical properties of soft tissue environments for tissue regeneration, and dehydrated hydrogels for rigid scaffolds for hard tissue engineering (99) . Once the suitable polymers and process are selected, a felicitous design must be generated to synthesize a polymer with the required architectural composition to satisfy the requisites of it applications.
Tissue-Engineered Scaffolds
Biomaterial scaffolds are increasingly being pushed in the forefront of research of tissue engineering as these systems are capable of interacting with living systems in a specifically designed manner thereby amplifying prognosis (100). The ultimate scaffold should be designed in such a manner that it encourages the natural wound healing and regeneration mechanisms of the body by proximately emulating the structure and biological activity of the extracellular matrix present (100-102). For such a scaffold to exist, certain criteria need to be met: (a) the architecture of the biomaterial must harmonize with the body's natural wound healing processes, (b) the scaffold should have selectivity associated with it as the natural system does, and (c) the scaffold interface should mediate bimolecular entities similar to those found in a wound. Simultaneously with these characteristics, the potential scaffold materials should be biocompatible, non-immunogenic, have controlled biodegradability, and able to manipulate into three dimensional structures (100) (101) (102) . Figure 12 depicts the process of using polymers to form a formidable tissue scaffold.
Several researchers have fashioned and assessed in vivo various scaffolds composed of different polysaccharides, proteins, and synthetic molecules as reviewed elsewhere. The scaffolds synthesized had variant magnitudes of accomplishment, but the majority of developed scaffolds did not meet all the above criteria. To overcome the imperfections of these various scaffolds that were synthesized, modification processes of polymers were employed. One of the principal candidates was naturally derived HA. Hyaluronic acid is a glycosaminoglycan of natural origin and satisfies many of the above criteria for scaffold formation (84) . Additionally, HA also possess the capacity to support the wound healing mechanisms as it is naturally angiogenic when it disintegrates (84, 101, 102) . HA reacts with the body mechanisms in such a way that it initially stimulates inflammation, which is integral to wound healing, but then subsequently regulates inflammation in the later phases consequently decreasing inflammation and allowing for repair matrix stabilization (101, 102) . Additionally, it has been found that the environment engulfing the migrating and proliferating fetal cells is substantially supplemented with HA and by employing exogenous HA supplementation it promotes faster and more extensive regeneration in adult injuries by proximally imitating the embryonic environment (101, 102) . However, in its innate structure, HA has no place in tissue scaffolds. By application of photopolymerization to effectuate the cross-linking of HA to form an IPN (as described in "Radiation Grafting" section 5 above), it is possible to synthesize a material that significantly acquires the potential to perform as an ideal tissue engineered scaffold. Table V below summarizes the collaborated function of HA with the bodies repair mechanisms.
Stimuli Responsiveness from Polymer Refabrication
There has been an improved perceptive on the theories of disease that have indicated the existence of disease variations due to diurnal rhythms. This has been taken into consideration when synthesizing drug delivery systems as they need to augment the symptomatic constraints of the disease (104) . These deliberations have directed the delivery of drugs in the direction of idealized drug delivery, where the desired quantity of active ingredient is released at a desired site at the desired time for the most effective treatment (104). This significantly decreases the side effects associated with drugs as the drug is only available to the body at a time and place it is required therefore unable to cause deleterious effects elsewhere. It has been found that drug can be released under specific conditions of an environment such as pH, temperature changes, pathological sites, and certain spaces when a disease manifests (104) . These stimuli-sensitive drugs, also known as "smart" drugs, are polymers having the acquired capabilities of drastically changing their physicochemical properties in response to minute changes in the environment, pH and temperature demonstrating exceptional results. The pH in a humans changes along the length of gastrointestinal tract, as well as showing variation in other areas such as tumor sites. By using chemically ionizable moieties which respond to either acids or bases, it is possible to delivery drugs at specific times and areas. Likewise, there may exist areas in the body where the temperature is slightly different to normal physiological pH.
pH-Responsive Drug Delivery Devices
Stimuli-responsive drug delivery systems are synthesized by the employment of the grafting (as described under "Polymer Grafting" section) special moieties onto a parent polymer (105) . The most widely applied grafting method for the synthesis of these polymers is the living polymerization technique as it has greater graft product specificity (as described under the "Living Polymerization Grafting via a Chemical Approach" section). It is known that the pH of cancerous cells is slightly more acidic than the normal cells of the human body; using this knowledge, acid degradable delivery systems were created to specifically target cancerous cells and deliver antineoplastics at that site (105, 106) . Liposomes were utilized as antineoplastics carriers due to their biocompatibility, biodegradability, and their capacity to carry both hydrophilic and hydrophobic drugs (105) . The use of doxorubicin is widely used in this regard as a base onto which acid labile polymers are incorporated (105) . The polymer plays two roles in such a system; initially, it stabilizes the liposomes structure during blood circulation after which it disarticulates the integrity of the liposomal membrane integrity when encountered by an acidic environment depictive of cancerous cells. Accordingly, this establishes a selective drug delivery release at a specific site, namely a cancerous site (105) . The process is shown in Fig. 13 .
An efficacious pH-responsive block copolymer was synthesized from poly (sodium styrene sulfonate) as the parent with sodium 4-vinylbenzoic acid (VBA) added as a graft moiety (105) . The block copolymer works by protonating the carboxylic acid of VBA at low pHs thereby rendering the poly(VBA) block hydrophobic (105) . This pH change induces micellization that is fully reversible when the pH is increased thereby trapping the drugs inside the micelles until a higher pH is encountered at a particular site; the deformation of the micelles allows for the release of drug (105) .
Thermoresponsive Drug Delivery Devices
There exist various different types of thermoresponsive systems that work by having a temperature-related property called a critical solution temperature (107) . Systems that display a homogenous solution above a certain solution and a heterogeneous solution below that temperature have an upper critical solution temperature (107) . The opposite system has a lower critical solution temperature (LCST) where a homogenous solution is displayed below a certain temperature and above that temperature the heterogeneous solution is displayed (107) . The later represents the polymers with the greatest potential for application. N-Alkyl acrylamides have shown thermoresponsive properties with Nisopropylacrylamide showing very promising results due to it having a LCST of 32°C (107) . This type of delivery system has proven to be a good point of research for anti-cancer drugs as these drugs are highly deleterious being cytotoxic and the exposure to non-cancer cells in the body causes a sequence of undesirable effects such as myelosuppression, mucositis, and alopecia which can now be suppressed by site targeting (105, 106) . Various concepts have been utilized in the synthesis of tissue engineering to develop temperature sensitive scaff o l d s . O n c e s u c h s c a ff o l d w a s s y n t h e s i z e d f r o m poly(NIPAAm-co-acrylic acid) gel which was applied as an extracellular matrix for pancreatic islets in biohybrid pancreas (107) . In addition, the NIPAAm was cross-linked to form a gel Fig. 13 . Depiction of the entrapment of drug in a micelle system that is disrupted by a higher pH as found around cancer cells that was temperature sensitive and allowed the release of salicylic acid and bovine serum albumin when temperature conditions were met at 40°C (107).
Dual Stimuli-Responsive Drug Delivery Devices
These are systems that respond to changes in both temperature and pH by the incorporation of both ionizable and hydrophobic functional groups (107) . This combinatory effect is achieved by using methods of copolymerization of two different monomers, each responding to a different stimulus (107) . This combinatory effect can be used to delivery drug with greater specificity at sites that are susceptible to changes in both stimuli. Elastin-like polymers have shown the greatest significance in this area showing a modulated temperature and pH sensitivity to the surrounding environment of the polymer (107) . The ELPs have also been created to respond to photoinitiation such as the azobenzenes and spiropyrans (107) .
Chronotherapeutism from Polymer Refabrication
It is not perpetual that sustained release therapy is the best therapy for any disease state. It has been recognized that circadian rhythms performs an important role in certain disease states as these disease states have chronological aspects related to them (108) . One such example is asthma which has shown to become formidable in the early hours of morning (2-8 am) when most patients are asleep (108) . It is favorable for patients to take medicate before they sleep rather than waking up at midnight to take a dose in order to relive these early morning symptoms. In addition to this time complication, theophylline, used for asthma has an expansive inter-individual variation and a narrow therapeutic window with a short half-life of 7-8 h only (109) . To overcome these patient-related complications, chronotherapy is applied to the dosage form which initially releases a burst of a drug when it is initially administered, and thereafter, there is a lag phase after which drug is released again at a later stage. This pattern was achieved by using effervescent tablets of theophylline that were coated in a polymeric blend (as described in "Enzymatic Grafting" section above) of Eudragit RS 100 blended with 10% hydroxypropyl methylcellulose (HPMC) and then second coated with enteric coating, cellulose acetate phthalate (110) . The enteric coating resisted the acidic environment of the stomach, and the second coat delayed the release of drug by approximately 2 h then allowing for the release of theophylline (110) . Alternately the system is put into an insoluble capsule with the entities placed in a welldesigned order as shown in Fig. 14. The above device works by synthesizing and insoluble capsule body from polypropylene and creating an erodible plug made from a blend of lactose and HPMC, compressed and placed in front of the drug to be release (111) . When the drug is taken, the gelatin capsule cover dissolves easily thereby exposing the erodible plug. Depending on the thickness of the plug at any particular compression, force will determine the length of time required for drug release (111) . If an initial release is required, some drug can be placed between the gelatin cap and the erodible tablet.
CONCLUSIONS
There exist many techniques for the refabrication of polymers that have been employed in industry and research to synthesize polymers that meets specific needs required by the employer. From site specificity, to stimuli-responsive, enhanced biocompatibility, and chronotherapeutics, a vast majority of desirable properties can be attained through the use of one or more of these polymeric alteration techniques. These techniques can and have been manipulated and employed in the disciplines of pharmaceutics and medicine to enhance the prognostic outcomes of diseases and illnesses. However, despite the many techniques that are available for polymer refabrication, there is still a need to either develop these techniques or expand their employment to more polymers or to create novel techniques to allow for a greater variety of modified polymers that can be employed in more novel systems in pharmaceutics and medicine.
